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11. REMARKS 

Reconsideration of this application is hereby respectfully requested. 

Claims 22-26 are pending in the application. Claims 22 and 23 are currently amended. 

A. Claims 22-26 are rejected under 35 USC §112, first paragraph, written description 
rejection. Applicants respectfully traverse the rejection. 

Claim 22 has been amended to recite "[a] method for generating a chimeric Candida 
therapeutic organism from a pathogenic organism that possesses in the wild-type an INTl protein 
with an I domain." Amended claim 22 is fiilly supported throughout the specification and 
identifies the members of the genus. For example, the therapeutic organism is of the genus 
Candida and the integrin-like protein is of the genus INTl . Thus, amended claim 22 now 
satisfies the written description agreement because the specification, in particular, Example 1 , 
conveys to one skilled in the relevant art that the Applicant, at the time the application was filed, 
had possession of the claimed invention. 

B. Claims 22-26 are rejected under 35 USC §112, first paragraph. Applicants 
respectfully traverse the rejection. 

Claims 22-26 are rejected as being not enabling for methods of generating a therapeutic 
organism from a pathogenic organism that possesses in the wild-type an integrin-like protein 
with an I domain. 

Specifically, the Office Action establishes the rejection based on Lo et al. (1998) in light 
of the In re Wands factors (quantity of experimentation; amoxmt of direction or guidance; 
presence or absence of working examples; nature of invention; state of prior art; and breadth of 
the claims). In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1403 (Fed. Cir. 1988). 
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1. Lo et al. does not make the present application moot because Lo et al. 
teaches deletion of the entire FLOl 1, an integrin-like, gene, and not 
replacement of the highly conserved I domain of an integrin-Hke gene as in 
the present application. 

Lo et al. (1998) teach that deletion of FLOl 1, an integrin-like gene, cripples filamentous 
growth. Filamentous growth is required for invasion of the target cell. 



Lo et al. is distinguished from the present application on several grounds. First, Lo et al. 
eliminate S, cerevisaie growth and subsequent invasion of cells by deleting the entire FLOl 1, 
integrin-like gene, including the I domain, hi contrast, the present application, "replac[es] the I 
domain in the INTl protein of a pathogenic organism with an antibody fragment that binds to a 
disease-associated antigen on a diseased cell (see amended claim 22)." Hence, the present 
appHcation does not knock-out the entire gene, as in Lo et al. (1998). The present appUcation 
only replaces the I domain of INTl, with an antibody fragment, while keeping other regions of 
the ENTl gene intact. For example intact regions of INTl include: "(1) two EF-hand divalent 
cation binding sites that likely mediate target binding; (2) a single cytosolic tyrosine for kinase 
signaling; and, most importantly, (3) a region that appears to be homologous to the I domain of 
integrins" (paragraph 32, page 10 of the specification; and Gale et al, "Linkage of adhesion, 
filamentous growth, and virulence in Candida albicans to a single gene, INTl," Science. 279: 
1355-58 (1998), which is incorporated by reference in the specification, and also attached to this 
response as Exhibit A). 



Fiirther, although Lo et al. (1998) describe absence of filamentous growth and cell 
invasion with FLOl 1 deletion mutants, the instant application by performing a similar knock-out 
of INTl states that "[djeletion of the INTl gene cripples filamentous growth of Candida^ though 
not entirely eliminating it" (emphasis added; see paragraph 31 on page 9 of the specification). 
Gale et al., supra, also show that although INTl is the major adhesion expressed in S, cerevisiae. 
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other attachment factors in addition to INTl account for epithelial adhesion in C albicans (page 
1356, middle column)." Further,"[r]emoval of the INTl protein reduces specific adhesion of C. 
albicans to HeLa cells by 39% (paragraph 33 on page 9 of the specification; and page 1356, left 
column of Gale et al. (1998))." Thus, although INTl is a critical protein for binding to a target, 
other proteins. . . must serve to help mediate the interaction. . . (paragraph 33 on page 9 of the 
specification)." 

Therefore, the teachings of Lo et al. (1998) are not analogous to that of the present 
application, whereby only the I domain of the INTl gene has been replaced with an antibody 
fi-agment and not a complete knock-out of the INTl gene (or FLOl 1), as in Lo et al. Thus, the 
replacement of the I domain in the INTl gene with a single chain antibody fragment, which 
recognizes disease associated antigen expressing cells, is the subject matter of the presently 
claimed invention, and the teachings of Lo et al. do not render the claims moot. 

Accordingly, withdrawal of the rejection of claims 22-26 is respectfully requested. 

2. The I domain is highly conserved, and the present application provides 
sufficient guidance to generate chimeric Candida therapeutic organisms. 

The Office Action rejects claims 22-26 because, according to the Office, the methods of 
the present application are directed to generating chimeric C albicans and does not provide 
enablement for generating chimeric Candida therapeutic organisms. Applicants respectfiiUy 
traverse this rejection. 

Amended claim 22, recites a method for generating a chimeric Candida therapeutic 
organism fi'om a pathogenic organism that possesses in the wild-type an INTl protein with an I 
domain. The I domain is replaced by an antibody fi-agment that binds to a disease-associated 
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antigen on a diseased cell. The present application provides sufficient guidance to generate 
chimeric Candida therapeutic organisms, and not just chimeric C. albicans^ for the following 
reasons. 



First, the I domain of INT 1, was originally isolated from a library of C albicans genomic 
DNA by screening with a cDNA probe from a transmembrane domain of human aM. See Gale et 
al., supra. Isolation of INT 1 is possible due the highly conserved nature of the I domain. For 
example, Dickeson et al., (1998) show that seven of the integrin alpha subunits (i.e. ai, a2, 
ax, ocd, ocm and ae) contain a highly conserved I domain which is approximately 200 amino acid 
residues. See Exhibit B, Dickeson et al., "Ligand recognition by the I domain-containing 
integrins," Cell. Mol. Life Sci., 54(6): 556-66 (1998) (abstract). This corresponds to the putative 
I domain at amino acids 230 to 470 of INT 1. Gale et al. supra. The ENTl sequence was 
originally reported in Gale et al. supra, but is also the same INTl sequence of the claimed 
invention (accession no. U35070). 

Further, Bajt et al. (1995) in Figure 1 show a partial amino acid sequence alignment of 
the I domain of human p integrins (pi-PS). See Exhibit C: Bajt et al., "p2 (GDI 8) mutations 
abolish ligand recognition by I domain integrins LFA-1 (aLP2j GDI la/GD18) and MAG-1 (aMp2, 
GDI lb/GD18," J. Biol. Ghem., 270(1): 94-98 (1995). The alignment of the eight p integrins 
shows high sequence identity, in particularly, at amino acids D128, D134, S136 and M137 where 
there is 100% identity across all eight integrins. 

Thus, together Gale et al. supra, Dickeson et al. supra, and Bajt et al. supra, teach that the 
I domains of alpha and beta integrins are highly conserved. Therefore, since I domains are highly 
conserved, the present application provides sufficient guidance for one skilled in the art to 
generate chimeric Gandida therapeutic organisms from a pathogenic organism that possesses in 
the wild-type an INTl protein with an I domain. 
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Second, one skilled in the art can use the disclosure in Example 1 of the present 
application to generate a chimeric Candida therapeutic organism from a pathogenic organism that 
possesses in the wild-type an INTl protein with an I domain. The procedures in Example 1 are 
standard molecular biology procedures, for example: (1) amplifying, isolating, and cloning of the 
INTl gene into a bacterial expression plasmid; (2) generation of single-stranded DNA (ssDNA) 
incorporating the INTl gene; (3) introduction of multiple cloning sites in the ssDNA PGR 
product in place of the I domain of INTl in a standard polymerase/ligase reaction; (4) subcloning 
the antibody binding regions generated from reverse transcriptase PGR of the bulk RNA from 
antibody-generating cells lines; (5) isolating the chimeric INTl-scFv fiision protein in E. coli for 
protein folding and binding studies; (6) subcloning of the gene encoding the INTl-scFv protein 
in an expression plasmid into S. cerevisiae; and (7) homologous recombination techniques to 
incorporate the gene encoding the INTl-scFv protein into C albicans. See Example 1 on pages 
22-23. Thus, due to the highly conserved natm-e of the I domain. Example 1 of the present 
invention provides all the guidance that is necessary to generate other chimeric Gandida fusion 
proteins by removing the I domain and replacing the I domain with an antibody fragment as in 
the claimed invention. That is, one skilled in the art will not have to perform undue 
experimentation. 

Accordingly, withdrawal of the rejection of claims 22-26 is respectfully requested. 

G. Glaims 22-26 are rejected under 35 USG §112, second paragraph. Applicants 
respectfully traverse the rejection. 

Glaims 22-26 are rejected as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which applicant regards as the invention. Applicants 
respectfully reject this rejection. 
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Claims 22 and 23 have been amended to improve their form. Specifically, claim 22 has 
been amended to recite "a chimeric Candida therapeutic organism," which replaces "a chimeric 
therapeutic organism," and "INT 1," which replaces "integrin-like" protein. Claim 23, has been 
amended to recite a "high-affinity iron transporter," which replaces the acronym "CaFTR." The 
amended claims are fiiUy supported throughout the specification and do not raise new issues or 
introduce new matter. 

Accordingly, withdrawal of the rejection of claims 22 and 23 are respectfully requested. 
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III. CONCLUSION 



Jn conclusion, Applicants maintain that claims 22-26, clearly and patentably, define the 
invention and respectfully request the allowance of the claims which are now pending. 

The Examiner is invited to contact Applicants' undersigned representative if there are any 
questions relating to this appUcation. The Commissioner is hereby authorized to charge any 
other fees associated with the filing submitted herewith, or credit any overpayments to Deposit 
Account No. 07-1896. 



Respectfully submitted, 



Date: Februarv 18. 2005 




Lisa A^Iaile, J.D., Ph.D. 

Reg. No. 38,347 
Telephone: (858) 677-1456 
Facsimile: (858) 677-1465 



DLA PIPER RUDNICK GRAY GARY US LLP 



4365 Executive Drive, Suite 1100 
San Diego, California 92121-2133 
USPTO Customer Number 28213 
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hered to monolayers of hunnan cervical epi- 
thelial cells (HeLa), whereas S. cereidsiae 
cells carrying vector sequences (YCG102) 
and YCGlOl cells grown in glucose [to re- 
press Intlp expression from the GALIO pro- 
moter (9)] did not adhere to HeLa monolay- 
ers (Fig. IB). Furthermore, adhesion of 
YCGlOl cells to HeLa monolayers was spe- 
cific for Intlp epitopes: UMN13, a poly- 
clonal antibody recognizing Intlp amino ac- 
ids 1143 to 1157 [a region predicted to be 
extracellular (3)], inhibited adhesion, where- 
as nonimmune rabbit immunoglobulin G 
(IgG) did not (Fig. IB). Thus, the expression 
of Intlp alone was sufficient to confer adhe- 
sive capacity on S. cerevisiae. 

INTl expression induces the growth of 
highly polarized buds (3). To test the possi- 
bility that the increased surface area of po- 
larized S. cerevisiae cells (Fig. IC) influences 
cell adhesion, we performed adhesion assays 
with a c(kl2-6'' strain (JKY81-5-1) (JO) that 
forms multiple elongated buds at the permis- 
sive temperature (II) (Fig. IC). Adhesion of 
the cdcl2-6" strain to HeLa cell monolayers 
did not differ firom that of YCGI02 and was 
significantly less than the adhesion seen 
upon expression of INT I (Fig. IB), indicat- 
ing that filamentous morphology alone is not 
sufficient to explain the increased adhesion 
of INT I -expressing cells. 

We next tested the hypothesis that 
INTl is involved in adhesion and filamen- 
tous growth in C. aJhicans as well. Both 
copies of INTl were disrupted sequentially 
in C. cdhicans strain CA14 (12) by means of 
a hisG-CaURA3-hisG cassette (13) yielding 
a Ura"" intl/lNTl heterozygote (CAGl) 
and a Ura"^ intl/intl homozygote (CAG3). 
JNT]-CaURA3 was reintegrated into the 
genome of a Ura" intl/intl homozygote 
(CAG4) to yield the intl/intl + INTl het- 
erozygous reintegrant (CAG5) (14)* which 
served as an intl/intl + INTl Ura*^ control 
to ensure that CAG3 phenotypes could be 
attributed to disruption of INTL 

The specific adhesion of the C. albicans 
intl/intl strain (CAG3) to HeLa cells was 



Linkage of Adhesion, Filamentous Growth, 
and Virulence in Candida albicans 
to a Single Gene, INT1 

Cheryl A. Gale, Catherine M. Bendel, Mark McClellan, 
Melinda Hauser, Jeffrey M. Becker, Judith Berman,* 
Margaret K. Hostetter* 

Adhesion and the ability to form filaments are thought to contribute to the pathogenicity 
of Candida albicans, the leading cause of fungal disease in immunocompromised pa- 
tients. Int1 p is a C. albicans surface protein with limited similarity to vertebrate integrlns. 
!NT1 expression in Saccharomyces cerevisiae was sufficient to direct the adhesion of this 
normally nonadherent yeast to human epithelial cells. Furthermore, disruption of /A/77 in 
C. albicans suppressed hyphal growth, adhesion to epithelial cells, and virulence in mice. 
Thus, INTl links adhesion, filamentous growth, and pathogenicity in C. albicans and Inti p 
may be an attractive target for the development of antifungal therapies. 



Candida albicans is the leading cause of 
invasive fungal disease in premature infants, 
diabetics, surgical patients, and hosts with 
human immunodeficiency virus infection or 
other immunosuppressed conditions. De- 
spite appropriate therapy, mortality result- 
ing from systemic C. albicans infection in 
immunocompromised patients approaches 
30% (I). The pathogenesis of C. albicans 
infection is postulated to involve adhesion 
to host epithelial and endothelial cells and 
morphologic switching of yeast cells from 
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the ellipsoid blastospore to various filamen- 
tous forms: germ tubes, pseudohyphae, and 
hyphae (2). 

The C. albicans gene INT J was original- 
ly cloned because of its similarity to verte- 
brate leukocyte integrins (3), adhesins that 
bind extracellular matrix proteins and in- 
duce morphologic changes in response to 
extracellular signals (4). INTl expression in 
the budding yeast S. cerevisiae triggers a 
morphologic switch to filamentous growth 
(3). In C. albicans, multiple adhesins medi- 
ate attachment to epithelium, endothelium, 
or platelets (5-8). Because laboratory 
strains of S. cerevisiae have few adhesins (7), 
we investigated whether Intlp is present on 
the cell surface and can function as an 
adhesin when it is expressed in S. cerevisiae. 

When intact S. cerevisiae cells expressing 
INTl were treated with an impermeant bi- 
otinylation reagent, Intlp became biotin- 
labeled, indicating that at least one portion 
of Intlp was on the exterior cell surface (Fig. 
lA). Nonsurface proteins, such as Raplp, an 
abundant nuclear protein, were not biotin- 
ylated (Fig. lA). Saccharomyces cerevisiae 
cells expressing INTl (strain YCGlOl) ad- 
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reduced by 39% relative to that of the 
imillNTl strain (CAF2) (12) (Fig. 2A). 
Preincubation of the C. albicans /NT J/ 
INTl strain (CAF2) with UMN13 antibod- 
ies reduced epithelial adhesion by 40% but 
did not eliminate it (Fig. 2A). hi contrast, 
preincubation of S. cerevisiae expressing 
[NT J with UMN13 antibodies blocked vir- 
tually all adhesion to HeLa cells (Fig. IB). 



These results suggest that although Iritlp 
was the major adhesin expressed, in S. cer- 
evisiast other attachment factors in addition 
to Intlp account for epithelial adhesion in 
C. albicans. The presence of a single copy of 
imi (CAGl and CAG5) did not restore 
wild-type adhesion; however, the single 
copy of INT I in CAGl and CAG5 was 
expressed because UMN13 significantly re- 



duced adhesion in these strains by 39% and 
28%, respectively (Fig. 2A). As expected, 
UMN13 did not significantly reduce adhe- 
sion in the intl/intl strain (CAG3). These 
results indicate that Intlp is one of a num- 
ber of adhesins that enable C. albicans to 
attach to epithelial cells, and that the re- 
maining candidal adhesins in the intl/intl 
strain (CAG3) bind HeLa cells by means of 



Fig. I.lnti p is a surface protein that mediates adhesion 
to human epithelial cells. (A) Protein blots of S. cerevi- 
siae proteins immunoprecipitated (IP) from cell lysates 
after labeling of cell surface proteins with blotin (25). Left 
panel, biotinylated proteins detected with HRP-avidin; 
right panel, proteins detected with the antibodies indi- 
cated, l-ane 1 of each panel, S. cerevisiae expressing 
vector sequences only; lanes 2 and 3. S. cerevisiae 
expressing INTl. Numbers at the left are molecular size 
mariners (in kilodaitons). (B) Expression of INTl enables 
S, cerevisiae to adhere to human epithelial cells (26). 
Percent specific adhesion was determined for 
YCG101 . S. cerevisiae YPH500 {MATa ura3 Iys2 ade2 
trp1his3 Ieu2) expressing INTl under control of the 
GAL10 promoter on the plasmid pCG01 (3): YCG102, 
YPH500 transformed with the GAL10 vector pBM272 
{24); and JKY81-5-1, S. cerevisiae cdcr2 -6^^ strain 
(70). YCG101 and YCG1 02 cells were grown to midex- 
ponentlal phase in minimal medium with 2% raffinose and 
then diluted to an optical density of 0.1 at 600 nm in mini- 
mal medium containing 8.7 mM methionine plus 2% galac- 
tose for the induction oUNTT JKY81 -5-1 cells were grown 
in galactose at 25°C and then shifted to 30^C. (C) Morphol- 
ogy of each of the strains tested for adhesive ability. Cells 
were grown as in (A) and images were obtained with a Leitz 
Diaplan microscope with differential interference contrast 
optics, an MTI CCD72 camera, and Scion Image software. 
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Fig. 2. Disruption of /A/77 in C. albicans reduces adhesion to human epithelial 
cells and filamentous growth. (A) Adhesion analysis [26) 0UNTI/INTI (CAF2) 
(72). int1/INT1 (CAGl) (73), int1/int1 (CAG3) (73). and int1/int1 + INTl 
(CAG5) (14) strains. (B) Hyphal growth of C. albicans strains on milk-Tween 



agar and Spider mediunn (27). Left panels, INT1/INT1 (CAF2); center panels, 
intl/intl (CAG3); right panels, intl/intl -h INTl (CAG5). Colonies were pho- 
tographed with a Zeiss Stem! DRC dissecting microscope and a Nil^on 35- 
mm camera. 
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an epitope or epitopes not recognized by 
UMN13. Results with the heterozygote 
strains (CAGl and CAG5) imply that the 
gene dosage of JNTl is important for the 
full expression of the adhesive phenotype. 

The effect of intl mutations on the fila- 
mentous growth of C. albicans strains was 
monitored with isogenic Ura"^ prototrophs . 
on two different media that induce filamen- 
ration (Fig. 2B). The INTl/lNTl strain 
(CAF2) formed an extensive network of 
long, branching hyphae that overlay and 
penetrated milk-Tween agar. On Spider me- 
dium, the INTl/lNTl strain (CAF2) formed 
wrinkled colonies, an indicator of filamen- 
tous growth (J5). In contrast, the intl /intl 
strain (CAG3) formed smooth-edged colo- 
nies with very few filamentous cells emanat- 
ing from the colony edge on milk-Tween 
agar and primarily smooth colonies on Spi- 
der medium. Reintegration of INTl 
(CAG5) restored the ability of the colonies 
to produce large numbers of hyphae on milk- 
Tween agar and to form wrinkled colonies 
on Spider medium, indicating that INTl 
contributes to the filamentous growth of C. 
albicans. 

On both media, filamentous growth of 
the reintegrant strain (CAG5) (Fig. 2B) 
and of the intl/lNTl strain (CAGl) (9) 
was similar, but not identical, to the growth 
ofimillNTl colonies (CAF2). Similarly, 
strains heterozygous for the C. albicans ho- 
mologs of STEZ {hst7IHST7). STE12 {cphl/ 
CPHl), and STE20 (cst20/CST20) exhibit 
intermediate defects in hyphal formation 




Time (Days Post-Infection) 

Fig. 3. Disruption of INTI in C. albicans causes 
reduced virulence in a mouse model of systemic 
candidiasis {28) (n = 10 mice for each yeast 
strain). Curves are the compiled results of two 
replicate experiments {n - 5 mice for each yeast 
strain for each experiment). Although the first ex- 
periment was terminated at day 20, mice in the 
second experiment were followed until day 30; no 
additional deaths occurred between day 20 and 
day 30 in the mice injected with CAG3. The dou- 
bling times of all strains, grown in SD minus uracil 
at 30'*C, were 72 ± 6 min. except in the first 
experiment, where CAG5 had a doubling time of 
90 min. 



(J 6), suggesting that filamentous growth in 
C. albicans is sensitive to gene dosage. 

Despite the altered morphology of the 
intl/intl strain (CAG3) on milk-Tween and 
Spider media, this strain grew with a pheno- 
type indistinguishable from that of the 
INTlllNTl strain (CAF2) in other liquid 
and solid media that induce hyphae (J 7), 
which shows that Intlp is not necessary for 
the growth of hyphae in C. dbicans. Rather, 
the results suggest that Intlp may be a sensor 
that triggers the morphogenic decision pro- 
cess in response to a subset of environmental 
conditions. We propose that morphogenesis 
in C. albicans can occur through multiple 
pathways that include some discrete and 
some overlapping components. Consistent 
with this view, mutation of other C. albicans 
genes that are involved in morphogenesis 
pathways suppress hyphal formation under 
some, but not all, growth conditions: Muta- 
tion of both alleles of the C. albicans mito- 
gen-activated protein kinase components 
HST7, CPHl, and CST20 suppresses hyphal 
growth on solid Spider medium but has no 
effect on hyphal growth in serum (]6, 18). 
In addition, C. albicans phrllphrl strains, 
which lack a putative surface glycoprotein, 
affect the morphology of filamentous cells at 
high but not low pH (19). 

We tested the virulence of the C. albi- 
cans intl mutant strains in a mouse model of 
intravenous infection because both adhe- 
sion and hyphal growth are hypothesized to 
be important for the pathogenicity of C. 
albicans. Again, isogenic LJRA3 strains were 
used because ura3 strains have reduced vir- 
ulence (18, 20). All of the mice injected 
with the INTinmi strain (CAF2) died by 
day 11 (Fig. 3). In contrast, the intl/intl 
homozygote (CAG3) was much less viru- 
lent; 90% of the mice were alive at the end 
of the experiment (Fig. 3). The virulence of 
the intl/intl strain (CAG3) also was less 
than that of both heterozygous strains 
(CAGl andCAGS) (Fig. 3). These results 
indicate that Intlp, a protein that functions 
in both adhesion and filamentous growth, is 
essential for the virulence of C. albicans in 
this murine model of intravenous infection. 

A single copy of /NTl in the heterozy- 
gous C. c^icans strains CAGl and CAG5 
restored the filamentation phenotype to 
nearly that of the wild type and restored 
virulence to an intermediate extent, but did 
not restore specific adhesion to the same 
degree. These results could be attributed to 
a number of possibilities: differences in the 
threshold amount of Intlp required for the 
given phenotype, different cell types as- 
sayed for each phenotype (yeast forms for 
adhesion versus filamentous forms for mor- 
phogenesis), or differences between the 
growth or assay conditions used to test each 
phenotype. The latter two situations may 



affect the expression of Intlp. 

Candida aSbicam is a highly successfril 
pathogen of immunocompromised hosts, 
most likely because it has several adhesins 
and multiple pathways for triggering the 
morphologic switch to filamentous growth 
(16, 18, 19, 21). Similar to the results with 
deletion of INTl , deletion of HST7 (18) and 
combined deletion of CPHl with EFG J (21) 
suppress hyphal formation and virulence in 
C. albicam. Because Intlp is the first C. 
albicans protein shown to be involved in 
both adhesion and filamentation, it will be 
interesting to determine how INTl regu- 
lates, or is regulated by, other pathways of 
adhesion and morphologic switching in C. 
albicans. Unlike C. albicans homologs of S. 
cerevisiae genes involved in pseudohyphal 
growth (16, 18, 21), INTl appears to be 
unique to C, albicans (3). Moreover, INTl 
induces filaments in strains lacking STE12 
(3) and other genes required for pseudohy- 
phal growth (22). The S. cerevisiae protein 
Bud4p has sequence similarity to Intlp in 
the COOH-terminal 300 amino acids; how- 
ever, Bud4p is not required for Intlp-in- 
duced filamentous growth and high-copy 
BL/D4 expression does not induce filamen- 
tous growth (22), indicating that Intlp and 
Bud4p are not functional homologs. Al- 
though Intlp has only limited similarity to 
vertebrate integrins (3), it clearly fits the 
integrin paradigm in its surface localization, 
its mediation of adhesion, and its ability to 
influence morphogenesis. Thus, Intlp is a 
candidal virulence fiactor that, unlike other 
reported virulence factors, is involved in 
both adhesion and morphogenesis. The sur- 
face location of Intlp makes it an attractive 
target for the design of preventive strategies 
and therapeutic agents. 
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nocturnal increase in circulating melatonin 
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( ]), which results from an increase in pineal 
serotonin N-acetyltransferase (arylalkyl- 
amine N-acetyltransferase) (AA-NAT) ac- 
tivity. High nocturnal values decrease rap- 
idly (half-life —3.5 min) after light expo- 
sure in the middle of the night (2), These 
changes are regulated by an adrenergic- 
cAMP mechanism (3), but are otherwise 
poorly understood. 



Melatonin Production: Proteasonnal Proteolysis 
in Serotonin N-Acetyltransferase Regulation 

Jonathan A. Gastel, Patrick H, Roseboom, Peter A. Rinaldi, 
Joan L. Weller, David C. Klein* 

The nocturnal increase in circulating melatonin in vertebrates is regulated by 10- to 
100-fold increases in pineal serotonin N-acetyltransferase (AA-NAT) activity. Changes 
in the amount of AA-NAT protein were shown to parallel changes in AA-NAT activity. 
When neural stimulation was switched off by either light exposure or L-propranolol- 
Induced p-adrenergic blockade, both AA-NAT activity and protein decreased rapidly. 
Effects of L-propranolol were blocked in vitro by dibutyryl adenosine 3', 5' -monophos- 
phate (cAMP) or Inhibitors of proteasomal proteolysis. This result indicates that adren- 
ergic-cAMP regulation of AA-NAT is mediated by rapid reversible control of selective 
proteasomal proteolysis. Similar proteasome-based mechanisms may function widely as 
selective molecular switches in vertebrate neural systems. 
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The ""I** domains of the ^3 (CD18) leukocyte integrins 
are implicated in ligand binding function. Moreover, 
rather than recognizing linear peptide sequences, this 
class of integrins generally recognizes multiple discon- 
tinuous sites on immunoglobulin superfamily adhesion 
receptors. A conserved cluster of oxygenated residues is 
involved in ligand recognition by ^, and integrins. In 
the present study, we evaluated the role of this region in 
the I domain-containing integrins. Recombinant aifi^ 
(LFA-1, CDlla/CDl8> and (MAC-1, CI>llb/CD18) 

were expressed on COS cells, and function was assessed 
by adhesion to ICAM-1 or iC3b, respectively. Alanine 
substitution at position Asp'** or Ser^^ in ^2 produced a 
complete loss in the capacity of both a^J^ and ^ 
support cell adhesion. In contrast, substitution at Asp*^ 
or Ser'^ resulted in loss of fi^ surface expression when 
co-transfected with (GDI la) or (GDI lb). These 
data provide the first evidence for involvement of the ^ 
subunit in ligand binding to I domain integrins. 



The ^2 integrin subfamily mediates leukocyte interactions 
during normal immune and inflammatory responses (1-3). The 
leukocyte integrins, (LFA-1, CDlla/CDl8), a^ftj (MAC-1, 
CDllb/CD18), and Oxfe <pl50, 95, CDllc/CD18), share a com- 
mon j3 subunit (CD18) that associates with three unique but 
homologous a subunits (4). Unique to the three or subunits of 
the ^2 integrins and a, and 02 subunits of the /3i integrins is a 
200-amino acid inserted or "I" domain (5-10). 

Each of the ^2 integrins contributes to leukocyte adhesive 
interaction by recognition of a multiplicity of protein ligands. 
a recognizes three members of the immunoglobulin super- 
family: ICAM-1 (11), lCAM-2 (12), and ICAM-3 (13). ay^p^ 
binds the complement protein iC3b (14-15), ICAM-1 (16), fi- 
brinogen (17), and factor X (18). Little information about the 
structural features involved in the binding of the various ad- 
hesive proteins to the fi^ integrins is known. Perhaps the best 
characterized domain implicated in ligand recognition is a dis- 
crete region of the ^3 (GPIIIa) subunit of the platelet integrin 
aiib03 (dPIIb/IIla) (19). Based on mutational analysis, a highly 
conserved cluster of oxygenated residues within this region of 
^3 has been implicated in the ligand recognition function of 
"iibi^a (20-21). Further, substitution of the corresponding res- 
idue in /3i integrin abolished ligand recognition of a^^^ (22). 
The remarkable conservation of this region among the known 
integrin ^ subunits suggests that this region may also be in- 
volved in ligand recognition in all other integrins (Fig. 1). 
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However, unlike the jSj and integrins, the leukocyte 
integrins do not appear to utilize small linear peptide se- 
quences to bind but apparently recognize multiple discontinu- 
ous sites on their adhesive proteins (32-34). In addition, 
epitope mapping of functiona] blocking monoclonal antibodies 
implicate the I domains as a ligand binding site in orjJS^, tfM02, 
"x^2» ^2^1 (35-39). Thus, I domain integrins may utilize a 
distinct ligand recognition mechanism from other integrins. 

To test this idea, we evaluated the role of the integrin ^ 
subunit in ligand recognition by the I domain integrins 
and arM^2- Recombinant a^A ^m^z were expressed on COS 
cells, and function was assessed by the adhesion to ICAM-1 and 
iC3b, respectively. Alanine substitution at the conserved 
Asp^^** or Ser^^^ of ^ resulted in a complete loss of the capacity 
of both orj32 ^m/^ ^ support cell adhesion. These data 
implicate the subunits of I domain integrins in ligand binding 
and implicate Asp'^ and Ser^^^ as part of a ligand binding 
domain in ajSj ^m^^- 

MATERIALS AND METHODS 

Monoclonal Antibodies — Purified murine monoclonal anti-OL (mAb' 
38) (40) was kindly provided by Nancy Hogg (Imperial Cancer Research 
Fund, London). Murine monoctonals anti-OL (^nAh TSl/22) (41), anti-oj^ 
(raAb LM2/1) (42), and anti ^2 (TSl/18) (41) were prepared as IgG 
fraction from ascites using hybridoma cells obtained from the American 
Type Culture Collection. Murine monoclonal anti-lCAM-1 (mAb 8.4 A6) 
(43) were purified by protein A chromatography. The following murine 
mAbs against human antigens were used as culture supernatantsr 904 
(anti-a„) (36), Ml/70 (anti-a^) (14), TSm (anti-aj (41), and R15.7 
(anti-^2) (44). Murine anti human (mAb 3H5) and anti-human fi^ 
(mAb 8H1) were prepared in our laboratory by immunizing BALB/c 
mice with affinity-purified am^x from polymorphonuclear leukocytes 
obtained from healthy donors (16). These antibodies have been e>^u- 
ated for subunit specificity and their abitity to inhibit neutrophil adhe- 
sion to interleukin-l-stimulated HUVEC monolayers, keyhole limpet 
hemocyanin, fibrinogen, and aiTinity-purifled human ICAM-1. The pu- 
rified murine monoclonal anti-iC3b antibody was purchased from 
Quidel (San Diego, CA). 

Mutagenesis and Transfection—The full-length wild-type ^2 cDNA 
(24) cloned into Bluescript (Stratagene) was used to introduce nucleo- 
tide base substitutions by site-directed mutagenesis (45). Mutant clones 
were confirmed by nucleotide sequencing of the mutated region. A 
2.8-kilobase insert containing portions of the 3'- and 5 '-untranslated 
sequences was isolated by digestion with Hindlll and Noil and sub- 
cloned into the ^mdlll and Notl sites of the expression vector pcDNAl/ 
neo or pcDNA3 (Invitrogen Corp.). Mutant clones were sequenced to 
verify the absence of any other substitutions. 

COS-7 cells were transfected by electroporation with the wild-type 0^ 
or the mutant ft, constructs together with the wild-type subunit (9) 
or om subunit (47) cDNAs subcloned into the expression vector pCDM8 
(Invitrogen Corp.). Cells were evaluated for surface expression and 
adhesion 48 h after electroporation. Flow cytometric and immunopre* 
ripitation analyses were carried out as previously described (48). 

Adhesion Assays — Microtiter plates were coated with 100 /d of puri- 
fied ICAM-1 diluted 1:10 in 0.1 M sodium bicarbonate, pH 8.0, overnight 
at 4 The amount of ICAM-1 used to coat the microtiter wells (150 



' The abbreviations used are: mAb, monoclonal antibodies; FACS, 
fluorescence-activated cell sorter. 
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Fw. I, Alignment of the conserved cluster of oxygenated res- 
idues of the human intern subunits. The amino add sequences 
of human (23), (24), ft, (25). (26-27), <28X 0n <2!», ^ (30), and 

(31) are shown using the single letter code. Sguarvd residues were 
mutated to BXanine, Asierisks indicate previously identified residues in 
01 and ^ critical for ligand recognition (20-22). 
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ng/wcU) was found in preliminary studies to be sufficient to support 
maximal JY cell adhesion. The remaining binding sites on the plastic 
were blocked with 1% bovine serum albumin. Microtiter plates were 
coated with iC3b as previously described (49). Transfected cell lines 
were fluorescently labeled with 2'7'-bis-(2-carboxyethyl)-5(6)-carboxy' 
fluorescein (Molecular Probes, Inc.. Eugene, OR) (13). A 50-^1 aliquot of 
8 X 10* cells was plated in triplicate to the microtiter wells. In addition, 
some of the wells were coated with 15 ix^ml mAb TSl/18 (anti-C018). 
To inhibit adhesion to iC3b-coatcd wells, 50 fd of mAb 3H5 (anti- 
CDllb) or TSina (anti-CDlS) was added to some of the wells at a final 
concentration of 20 *xg/ml before the addition of the cells. To inhibit 
adhesion to ICAM-l-ciiated wells, 50 *xl of anti-ICAM mAb 8.4 (25 
Mg/ml> was added to the wells or anti-CDiS mAb TSl/18 (25 ^x^/n\\) was 
added to tlie cells for 10 min before addition to the wells. Following 
incubation for 30 min at 37 "C, the plates were washed three times with 
phosphate-buffered saline. Fluorescence was quantitated in the wells 
using a Pandex (luorcscencc concentration analyzer (Baxter Healthcare 
Corp., Mundelein, ID. 

Purificatwn of Human /CAAf-/— lCAM-1 was purified from human 
placental lysate by aHinity chromatography using the anti-ICAM-1 
monoclonal antibody 8.4A6 as previously described with modification 
(50). Preparation of placental tissue and all subsequent work was 
carried out at 10 "C. 70 g of human placenta was frozen at -80 *C and 
then thinly sliced with a scalpel <l-2 mm in thickness). Placental tissue 
was then added to 250 ml of lysis buffer (20 mM Tris, pH 7,4, 150 niM 
NaCl, 0.01% NaN.,, 5 mM EDTA, 10 ^g'ml aprotinin, 5 fjjg/ml leupeptin, 
0.5 m.M iodoacetamide) and homogenized in a blender for 30 s. 250 ml of 
lysis buffer containing 2% Triton X-100 was added for a fmal volume of 
500 ml and gently stirred for I h in the cold. The lysate was then put 
through a low speed centrifugation (2000 rpm for 15 min) followed by a 
high speed centrifugation (50,000 x g for 60 min). The supernatant was 
then passed over the antibody affinity column (bed volume of 4 ml) 
twice at a rate of 0.5 ml^min. The column was washed with 40 ml of TSA 
buffer, pH 8.0 (20 m.M Tris, pH 7.4, 150 mM NaCl, 0.01% NaNj) con- 
taining 01% Triton X-100 followed by 40 ml of TSA buffer, pH 8.0, 
containing 1% n-octyl )8-ivglucopyranoside. ICAM-1 was eluted with 
TSA buffer, pH 11.0, containing 1% ;i-octyl 0-D-glucopyranoside at a 
rate of 0.5 ml/min and immediately neutralized with 0.1 volume of! m 
Tris, pll 6.B. l-m1 fractions were collected, and the eluted protein was 
analyzed by SDS^el electrophoresis and visualized by silver staining. 

RESULTS 

Expression of Recombinant Mutant ixi^^2 ^^m^2 Recep- 
tors — To investigate the role that the highly conserved residues 
(Asp*^^ Asp^'^"*, Ser^'**^, and Ser^^) in Play in ligand recog- 
nition, each of these residues was individually substituted with 
alanine (Fig. 1). After co-transfection into COS cells with Ofj^ or 
fr^^, cell surface expression and heterodimer association were 
evaluated by immunoprecipitation of detergent-lysed surface- 
labeled cells. Alanine substitution at Asp^^ or Ser'^^ did not 
have any detectable effect on or a^^^,^ heterodimer forma- 
tion or surface expression (Pig. 2). a^- or ^x-specific antibodies 
immunoprecipitated both o and /3 subunits on COS cells trans- 
fected with ai^^2^D134A), a,A(S136A), or the wild type a^fe^ 
indicating, that both subunits were associated on the cell sur- 
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Fig. 2. SDS^polyacrylamide gel electrophoresis analysis of 
wild-type or mutant OiJ^ and otm^x receptors ti*ansiently ex* 
pressed on COS ceils. COS cells co-transfected with o^J^ or aj^^L, 
mutants were surface-iodinated, lyvSed. and immunoprecipitated with 
mAb 38 (anti-CTi,, lanes a) or mAb TSl/18 (anti-iSg, lanes b). B, COS cells 
co-transfected with a^^^ or a^^g niutants were surface-iodinatcd, ly- 
sed, and immunoprecipitated with mAb 3H5 fanti-orjn,, lanes a) or mAb 
TSl/18 (anti-32» l<^^s Immune complexes were isolated, and reduced 
samples w^ere resolved by SDS-polyacrylamide gel electrophoresis on 
7.5% acrylamide gels and delected by autoradi(^aphy. Molecular mass 
markers are indicated on the /c/? in kDa. 



face. In addition, a^- or ^^-spQciric antibodies immunoprecipi- 
tated both or and p subunits on COS cells transfected with 
aj^4^2(D134A), a3,^^2^S136A), or the >\'ild>type ocM^2• contrast, 
substitution of ^ at Asp^^ or Ser*^*^ resulted in loss of surface 
expression when co-transfected with a,^ or aj^^ (Fig. 2). a?^-, a^^-, 
or ^2-specific antibodies did not precipitate orj3 heterodimers. In 
most experiments, no material was immunoprecipitated: how- 
ever, occasionally the anti-ai^ or anti-aty^ precipitated the trans- 
fected a subunit only. Surface expression of ^2^D134A) or 
02(S^36A) co-transfected vrith or a;^ was also evaluated by 
flow cytometry utilizing anti-or and antibodies (Fig. 3). 
FAGS profiles of the recombinant wild-type aifi^* «Mp2» 
mutant receptor heterodimers were very similar and were ex- 
pressed on the cell surface of 30-40% of the cells. Both 
^2^1>\MA) and /32(S136A) co-transfected ^vith a^^ or were 
recognized by three anti-of^ and four anti-a^,, respectively, and 
three anti-|32 antibodies (Table 1). In contrast, surface expres- 
sion of j32(D128A) or /SgCSlSSA) co-transfected with c^^ or 
was not detected on COS cells as determined by flow cytometry, 
in agreement with the immunoprecipitation analysis (data not 
shown). 

Functional Integrity of Expressed Mutant ciifi^ and a^02 
Receptors — To determine whether these residues of CD18 were 
essential for a,^2 hgand recognition, the capacity of the trans- 
fected COS cells to adhere to njicrotiter wells coated with 
immunopurified ICAM-1 was examined. COS cells bearing the 
recombinant wild- type orj32 attached to affinity- purified 
ICAM-l-coated microtiter wells (Fig. 4A). Attachment was spe- 
cific since it was inhibitable by anti-02- (TSl/18) or anti-ICAM 
(mAb 8.4)-specific antibody. In contrast, COS celb expressing 
«iA(D134A) or «Lft2(S136A) failed to attach ti> ICAM-l-coatcd 
microtiter wells. 

To determine whether these residues of ^2 also affected 
ligand recognition, the ability of the transfected cells express- 
ing this integrin to adhere to microtiter wells coated with iC3b 
was examined (Fig. 4B). Cells bearing the recombinant a^fe 
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a ICAM-1«TS1/18 
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S136A 



Ruorescence Intensity 

Fig. 3. FACS histograms of wild-type or mutant ct^J^ and 
receptors transiently expressed on COS cells. Ay COS cells co- 
transfected with a^fi^ or mutants were incubated in the presence 
of mAb 38 (anti-aj (a) or mAb TSl/18 (a^ti-^2) (i>)- COS cells 
co>transfected with or aj^^, mutants were incubated in the pres- 
ence of mAb 3H5 (anti-a^) (o) or mAb TSl/18 (anti-P^) (6). After 30 min, 
cells were washed, further incubated with fluorescein isothiocyanate- 
coi^jugated goat anti-mouse ¥{sh% fragments for 30 min, and analyzed 
on a FACScan. Abscissa^ log of the fluorescence; ordinate, cell number. 

Table I 

The reactivity of anti-a and -^^ monoclonal antibodies to 
wild-type and mutant receptors by flow cytometry ■ 

COS cells co-transfected with aJSj* 0\Jh. mutants, ot^fi^* ^ ^M^2 
mutants were incubated for 30 min with mAbs. Cells were then washed 
and further incubated with fluorescein isothiocyanate-conjugated goat 
anti-mouse (Fab'), fragments for 30 min and analyzed on a FACScan. 
+, positive staining similar to that shown in Fig. 3; negative 
staining. 




S136A 



Fig. 4. Adhesion of cells expressing wild-type or mutant ctifit 
and aj^fi^ receptors to purified ICAM-1 and iC3b, respectively. 

Fluorescently labeled cells were allowed to attach to microtiter wells 
coated with inununoaflinity-punfled ICAM-1 (A) or iC3b (S) in the 
absence or presence of the indicated monoclonal antibodies for 30 min at 
37 ^C. Unbound cells were removed, and adherent cells were quanti- 
tated by fluorescence using a Pandex fluorescence concentration ana- 
lyzer. The data are expressed as the percentage bound where 100% 
equals the total number of cells adhered to the mAb TSl/18 (anti^/S,)- 
coated wells to correct for the levels of integrin expressed by the differ- 
ent transfectants. Results are representative of three separate experi- 
ments. Bars represent the mean ± S.E. of three determinations. 



substitution of Asp^^ or Ser^^ resulted in loss of ftj surface 
expression when co-transfected with otl **M' These data 
demonstrate the role of the p subunit in ligand recognition by 
the I domain-containing leukocyte integrins. 

Two of the individual alanine substitutions, Asp^^ and 
Ser*^, impede heterodiiner formation of P2 the co-trans- 
fected or The lack of surface expression may be due to 
faulty folding and rapid intracellular degradation. However, 
previous studies identifying mutations from patients with ge- 
netic deficiencies of ^ (leukocyte adhesion deficiency) suggest 
that mutations within this critical region of ^2 (residues 128- 
361) represent critical contact sites between the or and p chain 
precursors. These contact sites are presumably required for 
precursor association and biosynthesis (reviewed in Ref 51). In 
addition, extensive investigation of bovine leukocyte adhesion 
deficiency, prevalent among Holstein cattle, led to the identi- 
fication of two ^2 mutations, one of which results in the sub- 
stitution of Asp for Gly at position 128 (D128G) (52). Therefore, 
the present results further implicate that this region is critical 
in a^ heterodimer surface expression in the leukoc^rte 
integrins. 

In contrast, alanine substitution at residue Asp*^^ or Scr*^ 
DISCUSSION jjid J^Q^ affect the capacity of the mutant ^2 to form het- 

The major findings in this work are as follows. D.'Alanine erodimers with co-transfected otl or a^- This is based on the 
substitution of two of the conserved oxygenated resM^ finding that anti-or or anti-jB^ copreci pi tated ^2 or a, respec- 

Aspj*?*, or Ser'^® did riot affect heterodimer fprmatio^^^^^^ Furthermore, surface expression was confirmed by re- 

face expression when co-.transfected with at OJ^ i.^i COS cells, activity with a panel of anti-a or 02 antibodies, suggesting that 
2) Substitution of these . residues to alanine resulted in deficits the amino acid substitutions did not affect receptor structure, 
sjn both (XijSj and ligand binding function: 3) Alanine The present work suggests that these residues of appear to 
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attached to iC3b and were blocked by antiHSt]^ (mAb 3H5)- 
specific antibody. In contrast, cells bearing aj^^DXZ4A) or 
aM^2(S136A) failed to adhere to iC3b-coated microtiter wells. 
Consequently, Asp*^"* along with Ser^^ play an integral role in 
the ligand binding function of both and aj^Pz- 
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be critical for ligand binding function of the leukocyte inte- 
grins. This conclusion is based on the failure of cells expressing 
P2(D134A) or 02^3 136A) co-transfected with ol «m ^ adhere 
to immobihzed ICAM-1 or iC3b, respectively. Considered to- 
gether, these data suggest that this region of ^ is critical to the 
common ligand binding structural characteristics of P2 ^i^^' 
grins ol^2 and oj^pz- 

These P2 residues (Asp^^* and Ser^^®) are highly conserved 
among the p subunits and play a role in ligand recognition in ^3 
(corresponding residues Asp^^^ and Ser^^') (20-21). Substitu- 
tion of Asp"^ to tyrosine in ^3 results in a complete }oss of 
RGD-dependent ligand binding function of aui^Ps- addition, 
amino acid substitution of the corresponding residue in 
(Asp"*^) (22) abrogates the RGD-dependent binding of 05^1 to 
the 110-kDa cell binding fragment of fibronectin. However, the 
p2 integrins, unlike certain J3j and ^3 integrins, do not utilize 
RGD-like sequences to interact with Uieir ligands. The present 
data suggest that the 0, , and ^3 integrins utilize these same 
conserved residues to interact with their respective ligands 
despite the very dissimilar nature of their ligands. This sug- 
gests the possibility of a common mechanism of ligand recog- 
nition by integrins. 

The linear spacing of the conserved cluster of oxygenated 
residues approximates that of Uie calcium binding residues in 
EF-hand proteins (53). Given the absolute requirement of di- 
valent cations for the function of all integrins and the high 
degree of conservation of this cluster of oxygenated residues, it 
has been hypothesized that a common feature of ligand binding 
to integrins is the interaction of ligand with divalent cations 
occupying a divalent cation binding site in the integrins (20, 
54). In this working hypothesis, oxygenated residues in the 
ligand, such as the Asp in RGD, would contribute to the coor- 
dination of cation binding. This is further supported by the 
finding that substitution of Asp^^^ to tyrosine in 33 also re- 
sulted in disruption of divalent cation binding of ornbA as 
determined by the binding of a divalent cation-dependent an- 
tibody, PMM (20). 

Since the I domain ^2 integrins do not utilize RGD-Iike 
sequences in ligand recognition, we hypothesize that an uni- 
dentified oxygenated residue(s) in their ligands contributes to 
the coordination of cation binding similarly to the Asp in RGD- 
containing ligands for ^J and ^3 integrins. This is further 
supported by the finding that the substitution of Asp^^^ to 
alanine in p^ also results in a loss of ligand binding of 05^1 to 
the non-RGD-containing ligand, invasin (22). In addition, other 
small peptide ligands that interact with and ^3 integrins, 
such as LGGAKQAGDV (55) and EILDVPST (46), contain ox- 
ygenated residues that may be capable of coordinating divalent 
cations. 

In addition, results of previous studies implicate the I do- 
main of the P2 integrins as an integral part of the ligand 
binding function of a^^a, a^Pa* and axfe (35, 37, 39). Inhibitory 
anti-a antibodies have been mapped to the I domains of the a|^, 
and orx- Moreover, alanine substitution of certain conserved 
oxygenated residues in the I domain (D140GS/AGA) abol- 
ished divalent cation-dependent binding of ay^p^ to iC3b (36). 
Alignment of these critical residues of the I domains with the 
presently described region of the p subunits demonstrates a 
remarkable conservation of these oxygenated residues between 
the I domain and the 0 subunits, suggesting that these se- 
quences may comprise a ligand binding motif essential for all 
integrin receptor function (21). This is further supported by the 
finding that alanine mutagenesis of one of these conserved 
residues in the 1 domain of (Asp*^^) blocked the binding of 
a^fii to collagen (38). However, further mutational analysis is 
in progress to determine whether other conserved and noncon* 



served P2 residues are essential for either ligand binding or 
surface expression. 

In summary, we have verified a ligand-interactive region in 
the p2 subunit of the leukocyte integrins ai^j ^nd orM^2' '^^^ ^ 
the first evidence for a ligand binding site in the 02 subunit of 
the T domain integrins. Moreover, that Asp'^ along with 
Ser^^^ play a role in the ligand recognition of both aifi^ and 
ayip2 further supports the proposal of a common ligarid binding 
mechanism (20-21), which is essential for integrin receptor 
function irrespective of the presence of the RGD sequence in 
the ligand. Since the I domain as well as domains V and VI of 
(56) have been implicated in ligand binding function, it is 
likely that multiple sites in integrins cooperate in recognition 
of Hgands. 

Acknowledgment — ^We thank Dr. Mark H. Ginsberg for critical 
review of the manuscript. 
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